Lung involvement in connective
I
nterstitial lung diseases (ILDs) comprise a group of diffuse parenchymal infiltrative lung disorders classified according to etiologic, clinical, radiologic, and histopathologic features. Some of the most common forms of ILD, such as idiopathic pulmonary fibrosis (IPF), are of unknown origin; however, some have identifiable causes, including environmental exposures, drugs, tobacco smoke, genetic disorders, and autoimmune diseases. The latter group includes connective tissue diseases (CTDs), which are characterized by immune-mediated tissue injury that can involve the lungs. [1] [2] [3] The features of CTD-related ILD (CTD-ILD) usually present in patients already diagnosed as having CTD. However, ILD may be the presenting feature, sometimes accompanied by findings suggestive of an underlying autoimmune process but not sufficient for a definitive CTD diagnosis. 3, 4 Under such circumstances, the diagnosis and clinical implications thereof often remain unclear. 5, 6 In patients with CTDs, ILD is associated with substantial morbidity and mortality. For example, the 5-year mortality rate is 3-fold higher in patients with rheumatoid arthritis (RA) and scleroderma who have ILD. 7, 8 However, compared with those with idiopathic interstitial pneumonias (IIPs), patients with CTD-ILD are more likely to respond to immunosuppressive therapy and have a better prognosis. 3, 5, 6, 9 Because of the challenges in diagnosis and management of patients with CTDILDs, a multidisciplinary approach involving relevant specialties, including pulmonology, rheumatology, radiology, and pathology, is vital for optimal care. In November 2017, a multidisciplinary symposium on pulmonary manifestations of CTDs took place at Amelia Island, Florida, organized by the Divisions of Rheumatology and Pulmonary, Allergy, and Sleep Medicine of Mayo Clinic in Florida. This article summarizes the proceedings of this conference.
CLINICAL APPROACH TO CTD-ILD
Interstitial lung disease complicating CTD typically, but not always, occurs after an established diagnosis of a CTD. 1 Because CTD-ILDs share radiologic, physiologic, and even histopathologic features with IIPs and other ILDs, close collaboration between rheumatology, pulmonology, radiology, and pathology is important in achieving an appropriate diagnosis and guiding management.
Dyspnea and cough are unlikely to be differentiating symptoms between CTD-ILD and other ILDs, 10 and the clinician must probe for extrapulmonary symptoms with a careful systems review for clues toward an underlying CTD. Similarly, the respiratory examination will be less revealing than findings outside the lung in helping to identify an underlying systemic inflammatory disorder as the basis of the patient's ILD.
After a thorough history and physical examination, the pulmonary function test is instrumental for diagnosing and tracking ILD. Typically, ILDs will be characterized by a restrictive ventilatory defect (ie, reduced total lung capacity, normal forced expiratory volume in 1 second/forced vital capacity [FVC] ratio) with reduced diffusing capacity of the lung for carbon monoxide (DLCO); however, the spirometry can be normal in mild disease or mixed obstructiverestrictive disorders (eg, coexisting emphysema). 11 It is also important to remember that DLCO can be reduced by both pulmonary hypertension (PH) and emphysema. For serial monitoring, the FVC and DLCO are most commonly used, along with oximetry, which is used to monitor for hypoxemia requiring oxygen supplementation and as a potential indicator for lung transplant evaluation. 9, 11 High-resolution computed tomography (HRCT) is essential in the initial evaluation of any suspected ILD. There is a good correlation between the extent of ILD assessed by HRCT and the degree of pulmonary impairment measured by FVC and DLCO. 12, 13 In addition to the pattern of ILD, HRCT provides information on the airways, pulmonary artery, pleura, coexisting emphysema or cancer, and extrapulmonary structures that may be relevant in the management of the patient. The HRCT can be diagnostic of usual interstitial pneumonia (UIP), the histologic pattern seen in patients with IPF. However, UIP can be seen with CTD-ILD (particularly RA), as well as others (eg, chronic hypersensitivity pneumonitis). [14] [15] [16] Thus, the clinical context and correlation remain essential.
In established CTD, the role of a surgical lung biopsy remains uncertain. It may provide prognostic information, 17 but whether it would alter management remains unclear. However, when there is uncertainty about an underlying CTD, a lung biopsy may be important to distinguish from other interstitial pneumonias, particularly IPF. Surgical lung biopsy has the highest yield, but bronchoscopic cryobiopsy, which provides larger biopsy specimens compared with traditional forceps biopsy, may find an increasing role in this regard. 18 Bronchoalveolar lavage is neither diagnostic nor specific but may be used to rule out other processes, such as infection or hemorrhage. Distinguishing IPF-UIP from a CTD-ILD whenever possible has significant therapeutic implications. Antifibrotic agents such as pirfenidone and nintedanib have been shown in clinical trials to slow the loss of lung function in IPF; but in contrast, immunomodulators (eg, azathioprine and prednisone) that are typically used for CTD-ILD may potentially be more harmful in IPF. 19 20, 21 Of note, NSIP is more commonly seen than is UIP in the setting of CTD-ILD (except in RA), whereas UIP is the most common pattern in patients with IIPs. 22 The distribution of histopathologic patterns varies depending on the type of CTD, but there is no specific association between any ILD pattern and a particular CTD.
ARTICLE HIGHLIGHTS
The histologic differences between CTD-UIP and IPF-UIP have not been clearly defined. Cipriani et al 23 proposed histologic criteria to differentiate CTD-UIP from IPF-UIP by a quantitative pathologic study using fibroblastic foci, lymphoid aggregates, and presence of an NSIP pattern as the parameters (Figure 1 ). They concluded that CTD-UIP had fewer and smaller fibroblast foci than did IPF-UIP. Of patients with CTD-UIP, those with RA-UIP had more and larger lymphoid aggregates than did patients with IPF-UIP. Their study also showed that the coexistence of UIP and NSIP patterns was one of the most salient features in distinguishing CTD-UIP from IPF-UIP. 23 The histologic variability in different lobes has also been demonstrated in patients with IIPs. 24 Surgical lung biopsies from multiple lobes of 109 patients with IIP were reviewed by 3 expert pulmonary pathologists, who assigned a diagnosis of UIP vs NSIP in each lobe. In 26% of 109 patients with IIP, there was interlobar histologic variability (ie, a UIP pattern in !1 lobe and an NSIP pattern in !1 lobe).
It has been recognized that many patients thought to have IIP after lung biopsy manifest clinical or serologic features suggestive of an underlying autoimmune process without meeting the established criteria for a CTD. 3, 4 The European Respiratory Society and the American Thoracic Society (ATS) Task Force proposed the term interstitial pneumonia with autoimmune features (IPAF), which is elaborated on in more detail later herein. 4 
IMAGING ASPECTS OF CTD-ILD
Various thoracic imaging abnormalities may be encountered in patients with CTDs (Table 1) , 25, 26 but the pattern associated with the greatest morbidity and mortality is ILD. Therefore, when HRCT is performed for patients with CTDs, assessment of the presence and pattern of ILD is important and is typically approached using the ATS consensus criteria used for IIPs. 26, 27 These imaging patterns for ILD correlate with those described for histopathologic patterns. 26 The UIP pattern on HRCT is characterized by reticulation associated with fibrotic features, including architectural distortion, traction bronchiectasis, and possibly honeycombing. 21, 27 These findings are peripheral and basal predominant, although some upper lobe abnormality is typically present. Findings considered inconsistent with the UIP pattern include an upper or middle lung or peribronchovascular predominance, extensive ground-glass opacity, micronodules, discrete cysts, significant mosaic perfusion and air trapping, and consolidation. 27 The NSIP pattern consists of bilateral, basal-predominant ground-glass opacity and reticulation associated with traction bronchiectasis. The presence of fibrotic abnormalities varies from minimal, in patients with cellular NSIP, to pronounced, possibly with honeycombing resembling UIP, in patients with fibrotic NSIP. The pattern of lesser lung involvement adjacent to the pleura (subpleural sparing) suggests NSIP. 28 The OP pattern consists of patchy, peripheral, often frankly subpleural, and peribronchiolar consolidation that may migrate. Perilobular opacities and the reversed ground-glass halo sign may occur. The LIP pattern is often nonspecific at HRCT, but one manifestationdmultiple, thin-walled cystsdmay be recognized. 29 The imaging appearances of the various IIP patterns are generally indistinguishable from their CTD-associated counterparts, 25 but several clues to a CTD-associated etiology may be recognized:
basal-predominant fibrotic abnormality shows a superimposed OP pattern (Figure 2 ), CTD, especially idiopathic inflammatory myopathies (IIMs) or antisynthetase syndrome (AS), should be suspected. 21, 30 Occasionally, AS presents with acute respiratory failure and DAD superimposed on a basal-predominant IIP pattern.
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d Unclassifiable interstitial pneumonia may result from atypical or mixed imaging findings, 27 including a peribronchovascular distribution, or when DAD is superimposed on another IIP pattern, potentially indicating the presence of CTD. d Other thoracic imaging findings suggesting CTD. 25 Other clues to the presence of CTD and their relative prevalence, most commonly affecting the thorax, are detailed in Table 1 .
Radiology Report in CTDs: Essential Elements Several elements should be included when reporting HRCT results in patients with CTD:
d Presence of pulmonary parenchymal abnormalities and the pattern of any For patients with systemic sclerosis (SSc), semiquantitative HRCT assessment of pulmonary disease severity as limited or extensive combined with FVC assessment may segregate patients into low-and highrisk categories, potentially identifying patients requiring treatment. 33 The optimal HRCT threshold varies among studies evaluating this approach but clusters around 20% of total lung volume.
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SCLERODERMA Scleroderma is a chronic autoimmune rheumatic disease characterized by small-vessel vasculopathy and fibrosis of the skin and internal organs. Immune-mediated mechanisms seem to be central to endothelial cell injury accompanied by fibroblast recruitment and activation, which result in accumulation of extracellular matrix and fibrosis. 35 Among the CTDs, scleroderma carries the highest case-based mortality, with median survival after diagnosis estimated to be 11 years. 36 Approximately 50% to 55% of deaths are due to scleroderma itself. 37, 38 Systemic sclerosis is diagnosed when the characteristic skin abnormality is associated with internal organ involvement.
Pulmonary involvement occurs in more than 80% of patients with scleroderma and includes ILD (most common), pulmonary arterial hypertension (PAH), pleural effusion, constrictive bronchiolitis, respiratory muscle weakness, and aspiration pneumonia (related to esophageal dysfunction). 37, 39 In recent years, ILD and PAH have become the main causes of scleroderma-related deaths, surpassing renal crisis. 37, 38, 40 Patients with SSc-ILD typically present with exertional dyspnea or cough but may sometimes be asymptomatic. [41] [42] [43] Inspiratory crackles are usually present, but digital clubbing is rare. Occasionally, a restrictive pattern on pulmonary function results may relate to diffuse thoracic cutaneous sclerosis or respiratory muscle weakness [41] [42] [43] ; DLCO that is reduced out of proportion to the FVC in the absence of coexisting emphysema should raise suspicion for the presence of PH. 44 Parenchymal abnormalities seen on HRCT most commonly reflect an NSIP pattern 14 ; less commonly, a UIP pattern is seen. Other HRCT findings may include pulmonary artery enlargement suggestive of PH and esophageal dilatation.
Diagnosis of SSc-ILD is generally achieved in the presence of an NSIP or UIP pattern on HRCT of the chest and does not require histopathologic confirmation. Unexpected findings on imaging or atypical clinical features suggestive of other processes, including drug toxicity and infection, may necessitate further diagnostic evaluation, such as bronchoscopy and lung biopsy.
Most patients with SSc-ILD experience gradual progression reflected in increasing fibrotic changes on imaging and decline in pulmonary function. 34 Acute exacerbation of ILD may occur, as seen in other chronic fibrotic ILDs, and likely shortens survival. Predictors of mortality in patients with SSc-ILD include age, FVC, DLCO, HRCT fibrosis severity, bronchoalveolar lavage fluid neutrophilia, and presence of PH. 45 Mortality risk prediction models that may assist in prognostication for individual patients are available. 34, 46, 47 Pharmacologic therapy with mycophenolate mofetil or cyclophosphamide provides modest benefit for patients with SSc-ILD. A 12-month clinical trial comparing oral cyclophosphamide with placebo showed a slightly reduced rate of decline in FVC (expressed as percentage of predicted) favoring cyclophosphamide therapy (mean AE SD, À1.0AE0.92 vs À2.6AE0.9, respectively; P<.03). 48 There were also slight differences in physiologic and symptom outcomes favoring the cyclophosphamide group. In a subsequent clinical trial, mycophenolate mofetil therapy was shown to provide similar benefits compared with oral cyclophosphamide but with less drug-related toxicity. 49 Based on these results, other studies of an observational nature, and clinical experience, mycophenolate mofetil therapy is currently favored in the treatment of patients with SSc-ILD. 50 However, the decisions regarding who to treat and when to initiate therapy remain difficult because the benefits of pharmacologic therapy are modest and the downsides, including drugrelated toxicities, are significant. Although low-dose prednisone has been used, the role of corticosteroids is limited in patients with SSc-ILD because the risk of renal crisis is associated with prednisone dose greater than 15 mg/d. 51 The potential therapeutic roles of antifibrotic agents (ie, pirfenidone and nintedanib), biologic targeted therapies (eg, rituximab, tocilizumab, and fresolimumab), and autologous stem cell transplant remain to be clarified and continue to be investigated.
RHEUMATOID ARTHRITIS
The most common lung manifestation of RA is ILD, coming to clinical attention in approximately 10% of the RA population. 52 An additional 30% of patients with RA have subclinical lung disease. Although the incidence of some extra-articular disease involvement, such as vasculitis, has been diminishing in recent years with the advent of more effective therapies for RA, there is no evidence that the prevalence of RA-ILD has decreased. 53 Lung disease may precede the development of joint disease in up to 20% of patients who have RA-ILD.
Middle-aged men; those with a smoking history of greater than 25 pack-years, who are positive for rheumatoid factor or anticitrullinated peptide antibodies; those with other extra-articular disease manifestations; and those with the human leukocyte antigeneantigen Derelated double-shared epitope are at particular risk for the development of RA-ILD.
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The most common pattern of RA-ILD is UIP in most series of patients in Western countries. However, a study from China reported that 58% of 237 patients with RA-ILD had an NSIP pattern on HRCT. 54 Histopathologic evaluation of RA-ILD has revealed an increased presence of citrullinated proteins compared with patients with ILD without RA. 55 An increase in CD20-and CD168-positive lymphocytes has been reported in patients with RA-NSIP and RA-UIP compared with patients with idiopathic NSIP or UIP. These and other findings have led to consideration of the lung as being ground zero for the generation of autoimmunity in RA, with aberrant antigen presentation in the lung, particularly in patients who are smokers. 56 Rheumatoid arthritis ILD progresses at a variable rate. Five years after ILD diagnosis, 20% of patients will progress to an FVC of less than 50%, and 40% will progress to a DLCO of less than 40%. 16 The 1-year mortality is reported to be 14% in patients with RA-ILD compared with 4% in patients with non-ILD RA, and 10-year mortality was 60% and 35%, respectively. 57 The risk of death for individuals with RA-ILD is approximately 3-fold higher than that for patients with RA without ILD. Median survival after the diagnosis of RA-ILD is approximately 2.6 years, and it is responsible for 10% to 20% of all RA-related mortality. 52, 53, 58 To date, no immunosuppressive or immunomodulatory therapies have been consistently shown to stabilize or improve RA-ILD. Indeed, especially elderly patients with RA given high doses of glucocorticosteroids and chemotherapy are at high infection risk, and, in general, the evidence for efficacy of this therapy for RA-ILD is very limited. 59 Of the biologicals having potential utility for the treatment of RA and other CTD-ILD, rituximab has had the most interest, but with mixed results. Note that virtually all nonbiological and biological diseasemodifying antirheumatic drugs have been associated with pulmonary toxicity, although, in general, this risk is low. 59 Antifibrotic therapy may also be a promising approach to the management of RA-ILD.
Currently, a randomized clinical trial is underway examining pirfenidone. 60 
SYSTEMIC LUPUS ERYTHEMATOSUS
Lung involvement in systemic lupus erythematosus (SLE) is common and can affect any compartment, with pleurisy being most common, although more severe disease manifestations can rarely occur. Lupus pneumonitis is a feared complication of SLE, characterized on histology by acute lung injury. It can present with rapidly progressive dyspnea, fever, unilateral or bilateral infiltrates, and, occasionally, hemoptysis, and may be seen as part of the presenting features of SLE. Pathology may show deposits of immune complexes composed of DNA, anti-DNA antibody, and complement and deposits of DNAeanti-DNA immune complexes. 61 Progression to respiratory failure is common and results in high mortality. Diffuse alveolar hemorrhage (DAH) can occur in this syndrome, although DAH may occur for other reasons related to SLE, including antiphospholipid syndrome, and distinguishing these entities can be challenging. 62 Patterns of ILD such as UIP, NSIP, and LIP have been described in SLE 63 but are less common than in scleroderma, IIM, or RA.
Shrinking lung syndrome is rarely seen in SLE, is characterized by dyspnea, and is often accompanied by pleurisy (>60%). Typically, FVC and DLCO are reduced, although DLCO corrected for alveolar volume is usually normal. Shrinking lung syndrome is suspected in patients with SLE who have dyspnea with normal lung parenchyma on HRCT (ie, no evidence of ILD) and no evidence of PH but abnormal pulmonary function test results. The etiology may be related to pleural changes, pain, and subtle changes in lung density that affect compliance, and, thus, limit normal inspiration. Esophageal balloon manometry may be helpful to assess lung compliance and chest wall and pleural dynamics. 64 If inflammation around the lung is suspected, it should be treated; if pain is the predominant feature, then treatment of the pain may be helpful to limit compliance changes and preserve functional capacity.
In SLE with antiphospholipid syndrome, thromboembolic disease leading to PH, capillaritis with or without overt hemoptysis, or DAH and acute respiratory distress syndrome can develop. 65 In those cases, high-dose glucocorticoids combined with cytotoxic therapy, B-celledeleting therapy, and plasmapheresis may be necessary. 66 SJÖGREN SYNDROME Sjögren syndrome is characterized by CD4 T-cell infiltration of lacrimal and salivary glands, increased interferon-g and interleukin-2 production, and abnormal B-cell activation, resulting in autoantibody production, hypergammaglobulinemia, and increased risk of lymphoma. Xerotrachea, pleuritis, and airway and parenchymal lung disease have all been described in patients with SjS.
All forms of ILD, including NSIP, UIP, and LIP, have been described in SjS, and they can be progressive. 63 Clinical presentations of ILD may be obscured due to the presence of cough in patients with SjS, related to xerotrachea or small airways disease such as constrictive or follicular bronchiolitis as a manifestation of LIP, where lymphoplasmacytic infiltrates can involve airways and result in obstruction. 67 Male smokers are at the highest risk for ILD. 63 In cases in which new nodules are noted, the possible development of lymphoma and amyloidosis must be considered. 68, 69 The risk of lymphoma in SjS is 3% to 5% greater than that in the general population and can include mucosa-associated lymphoid tissue, diffuse B-cell, and follicular lymphomas. Risk factors for the development of lymphoma include extraglandular features, such as cutaneous vasculitis, neuropathy, rheumatoid factor positivity, and the presence of cryoglobulins. 70 
IIMS AND AS
The IIMs include a group of disorders characterized by muscle inflammation from an autoimmune attack, leading to muscle weakness. Although the main manifestation is myositis, as the name implies, extramuscular involvement is common and can be more clinically significant than myositis itself. For example, swallowing abnormalities, cardiac involvement, and pulmonary disease are all frequently found. Among these manifestations, ILD has a prevalence of 30% to 40% and is associated with an estimated mortality of 40%. 71 Recognition of autoantibodies has led to consideration of humoral immune etiology as an explanation for all manifestations, but particularly in ILD, because more than 75% of patients who are serologically positive (eg, antisynthetase antibodies) develop ILD. [72] [73] [74] [75] Antibodies against melanoma differentiationeassociated gene 5 are associated with amyopathic dermatomyositis and the development of acute and rapidly progressive ILD. 75 Myositis-associated and myositis-specific antibodies are detectable in the sera of 50% of patients with polymyositis/dermatomyositis.
Myositis-associated antibodies are not specific to polymyositis/ dermatomyositis and are found in a variety of autoimmune diseases. In contrast, myositis-specific antibodies seem to define specific clinical phenotypes. Myositisassociated antibodies are classified by their target into 4 groups; the most relevant are those targeted against ribonucleoproteins involved in protein synthesis (antie aminoacyl-tRNA synthetase [ARS] antibodies, also known as antisynthetase antibodies). 76 Jo1 is the most common ARS antibody, but 7 more have been discovered to date (PL7, PL12, OJ, EJ, KS, Zo, and Ha).
Antisynthetase syndrome corresponds to the combination of an inflammatory myopathy and the presence of antisynthetase antibody. It is characterized by the association with other features, such as mechanic's hands, Raynaud phenomenon, fever, and, more importantly, ILD. [77] [78] [79] [80] Different phenotypes of AS have been recognized based on it, with more muscle involvement seen in anti-Jo1, anti-EJ, and anti-PL7. 79, 80 The prevailing pathologic patterns are OP, UIP, NSIP, and DAD, which coincide with the described HRCT findings.
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Interestingly, HRCT features of NSIP pattern combined with subpleural and peribronchovascular areas of consolidation, resembling OP, seem to be relatively common in AS. 83 Because AS was first identified in patient cohorts with IIM (ie, dermatomyositis or polymyositis), it has usually been treated by protocols primarily designed for myositis, most often with high-dose corticosteroids as the mainstay drug; however, the available data so far indicate that the major determinant of morbidity and mortality in this entity is the presence of ILD, and in many cases, there is corticosteroid resistance that necessitates the use of other immunosuppressive medications, such as mycophenolate, which is supported by only retrospective data. 50 Other options, such as calcineurin inhibitors (tacrolimus or cyclosporine), have been evaluated in the refractory form of the disease. 84, 85 There has been growing enthusiasm for the use of rituximab, a monoclonal antibody against the CD20 B-cell surface marker, in the treatment of this entity. 86 
VASCULITIS
Systemic vasculitis typically has been associated with non-ILD pulmonary manifestations, such as lung nodules or DAH. 87 Recently, however, ILD has been recognized in patients with antineutrophil cytoplasmic antibody (ANCA)eassociated vasculitis, particularly if they are positive for antimyeloperoxidase antibodies. 88, 89 A few small series, mostly retrospective, have identified specific features of patients with positive antimyeloperoxidase antibodies and pulmonary fibrosis. The most common radiographic and pathologic pattern is UIP, and less commonly NSIP 90 ; it seen more often in men and at an older age compared with other CTDs, with a mean age at onset typically in the late 60s. 89, 91, 92 Interstitial lung disease either precedes or occurs concomitantly with the onset of vasculitic features. [88] [89] [90] [91] [92] As mentioned previously herein, the clinical picture and demographic characteristics could be very similar to those of patients with IPF; however, increased attenuation around areas of honeycombing and cystic lesions are seen more often. On histology, patients with ANCA-ILD had more prominent inflammatory cell infiltration, germinal centers, lymphoid follicles, and cellular bronchiolitis compared with patients with IPF. 93 Most patients with ANCA-ILD reported in the literature have been positive for p-ANCA and antimyeloperoxidase antibody [88] [89] [90] [91] [92] [93] ; however, data from our group found that approximately one-third of the patients with ANCA-associated vasculitis and ILD were c-ANCA/proteinase-3 positive, a higher percentage than previously reported. 94 The mortality rate of patients with ANCA-ILD seems to be higher compared with that of patients with CTD-ILDs, and more similar to patients with IPF 89, 91, 95 ; however, a small study reported that immunosuppressive treatment tended to be more effective in patients with ANCA-UIP compared with patients with IPF. 93 INTERSTITIAL PNEUMONIA WITH AUTOIM-MUNE FEATURES As previously mentioned, many patients with IIP have subtle features suggestive of an autoimmune etiology, and these individuals quite often do not meet the classification criteria for a specific CTD. 1, 96 It has even been suggested that idiopathic NSIP is an autoimmune disease or the lung manifestation of undifferentiated CTD. 97, 98 With generally improved outcomes associated with CTD-ILD, 9 and because different treatment approaches are often implemented in these patients, 99 determining whether suggestive forms of autoimmune ILD represent a spectrum of CTD-ILD, rather than IIP, is important.
The terms undifferentiated CTD,
98,100
lung-dominant CTD, 2 and autoimmunefeatured ILD 101 have all been used to describe patients with suggestive forms of CTD-ILD. Each of these categories has a unique set of proposed criteria and represents the ideas of investigative teams from distinct ILD referral centers. These sets of criteria are different enough that research studies being implemented in various centers using one set of criteria may not be applicable to cohorts from centers using other sets of criteria. In an effort to build consensus, a European Respiratory Society and ATS Task Force, "An International Working Group on Undifferentiated Forms of CTD-ILD," was formed to develop consensus regarding nomenclature and criteria for classification of suggestive forms of autoimmune ILD. 4 The term interstitial pneumonia with autoimmune features was proposed by this Task Force. 4 The term connective tissue disease was specifically avoided due to concerns that such labeling gives a false impression that these individuals have a defined CTD.
Classification Criteria for IPAF
There are several a priori requirements for the classification of IPAF. Individuals must have evidence of interstitial pneumonia by HRCT or surgical lung biopsy and a thorough clinical evaluation during which known causes for interstitial pneumonia have been excluded, and they must not meet the criteria for a defined CTD. The classification criteria are then organized around 3 central domains: a clinical domain consisting of specific extrathoracic features; a serologic domain consisting of specific circulating autoantibodies; and a morphologic domain consisting of specific chest imaging and histopathologic or pulmonary physiologic features. To be classified as having IPAF, the individual must meet all of the a priori requirements and have at least 1 feature from at least 2 of the domains (Table 2) . 4 Historically, the lack of consensus on criteria limited the ability to draw firm conclusions about this group of patients. 102 With IPAF, uniform terminology and classification criteria for related but potentially distinct entities (undifferentiated CTD-ILD, lung-dominant CTD, and autoimmunefeatured ILD) has been systematically developed and ratified. A strength of the IPAF nomenclature and definition is that its classification criteria were derived based on international and multidisciplinary consensus, although a variety of important limitations were acknowledged. Since the initial publication of IPAF, several publications from diverse ILD programs describe characteristics and the natural history of IPAF from their respective centers around the world. [103] [104] [105] [106] [107] Each of the cohorts was retrospectively formed and affected by referral bias and/or how IPAF criteria were applied. It has become clear that as devised, the current definition of IPAF has been noted to allow for significant heterogeneity. For example, the Chicago cohort 107 had a UIP pattern-predominant cohort and looked a lot like IPF, and the Denver cohort 106 was NSIP predominant, with a large number of patients with specific autoimmune serologic positivity (eg, anti-ARS antibodies). Within the current framework, some ambiguity in the definition of IPAF may allow a subset of patients with a UIP pattern of disease (who may have IPF) to fulfill the criteria for IPAF. Another area of concern relates to discrepancies among centers and experts around those with a positive anti-ARS antibody and ILD. In the absence of cutaneous features of dermatomyositis or evidence of myositis there can be disagreement regarding what one considers to be incomplete forms of the AS vs IPAF. 108, 109 As the heterogeneity is acknowledged, one advantage of IPAF is that uniform nomenclature has been adopted, prospective research studies from diverse programs are using similar classification criteria, and data are being gathered to allow for refinement of the criteria. Furthermore, there is now more interdisciplinary involvement in this arena.
It is recognized that the IPAF criteria must be tested and validated in future prospective studies, and modifications highlighting the importance of longitudinal surveillance of affected patients will be needed. 4, 110 Adopting IPAF means leaving behind the previous terminologies and allows for future study of a more uniform cohort. Prospective studies are urgently needed to refine the first draft of the proposed classification criteria and to determine the natural history and clinical implications of a classification of IPAF.
PH IN CTD
Connective tissue disease, particularly scleroderma, is associated with all diagnostic groups of PH. For example, the pulmonary artery vasculature can narrow as a consequence of CTD, producing increasing pulmonary vascular resistance and group 1 PAH. Indeed, CTD is the second most common cause of group 1 PAH. 111 Conversely, group 1 PAH develops in approximately 10% of patients with scleroderma. 112 In addition, left heart disease, such as heart failure with preserved ejection fraction, is not uncommon due to systemic hypertension, resulting in group 2 pulmonary venous hypertension. Last, associated ILD and hypoxemia can produce group 3 PH in connection with lung disease.
It is important to maintain a high index of suspicion for PH as a potential cause in patients with CTD with new-onset dyspnea. Indeed, approximately 25% of group 1 PAH is due to CTD. Screening with echocardiography can be helpful, particularly in patients with scleroderma and risk factors for PAH, such as positive anticentromere antibody and telangiectasias. Multiple screening strategies have proved successful in increasing diagnostic yield (sensitivity of 96%-100%). 113 Conversely, use of antinuclear antibody testing to screen for CTD in patients with PAH is recommended. 114 Confirmation of diagnosis requires right heart catheterization and subspecialty evaluation, preferably in an accredited pulmonary vascular center. 115 Unfortunately, treatment tailored to controlling the underlying CTD does not seem to have much effect on the associated PAH. Exceptions may include SLE and active systemic vasculitis. In addition, there is little to suggest that treatments targeting ILD have any ameliorating effect on PAH. 116 Nonetheless, there is clear evidence in support of PAH-specific therapies to lessen symptom burden and reduce clinically meaningful events, such as hospitalization (risk reduction, 57%). 117 Hospitalization represents a major risk in patients with group 1 PAH, 118 and combination PAH-specific therapy reduced all-cause hospitalization from 15% to 5% compared with single-drug treatment regimens. 117 Current treatment guidelines advocate oral PAH therapy with strong consideration for combination treatment in New York Heart Association functional classes II and III, and infusion prostanoid therapy for functional class IV patients. 119 Unfortunately, PAH-specific treatment may not be as effective in CTD-PAH based on a review of 11 randomized controlled trials comparing 827 patients with CTD-PAH with 1935 patients with idiopathic PAH, with less benefit in 6-minute walk distance and reduction in clinical worsening. 120 Of note, randomized prospective trials of PAH-specific therapy in group 3 PH patients with ILD have universally failed to prove benefit. [121] [122] [123] Prognosis is generally worse for PAH-CTD compared with other group 1 subgroups (83% vs 93% at 1-year survival; P<.001).
124 It seems that patients with PAH-SLE may be the exception, with 5-year survival of 84%; anti-U1 ribonucleoprotein antibody may be an indicator of better outcome. 125 Conversely, patients with scleroderma-related PAH fare worse, particularly men older than 60 years with low systemic blood pressure (systolic <110 mm Hg) or 6-minute walk distance (<165 m) and severely abnormal hemodynamics (eg, right atrial pressure of 20 mm Hg). 126 Echocardiography may provide a simplified approach to prognostication. 127 
CONCLUSION
The presenting features of CTD-ILD comprise a broad spectrum of clinical, imaging, and pathologic patterns. Diagnosis requires a comprehensive medical evaluation and multidisciplinary correlation of these features. In some patients, lung biopsy may be needed to clarify the nature of the lung disease. Distinguishing CTD-ILD from idiopathic forms of ILD, such as IPF, has treatment and prognostic implications but may be difficult in some patients as illustrated by the concept of IPAF. In general, immunosuppressive agents are used in the treatment of CTD-ILD, although the data supporting these treatment strategies are relatively sparse. The role of antifibrotic agents in CTD-ILDs remains to be defined. Complicating factors, such as gastroesophageal reflux disease and PH, need to be identified and managed accordingly.
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